Abstract Endogeneity bias arises in contingent valuation studies when the error term in the willingness to pay (WTP) equation is correlated with explanatory variables because observable and unobservable characteristics of the respondents affect both their WTP and the value of those variables. We correct for the endogeneity of variables that capture previous experience with the resource valued, humpback whales, and with the geographic area of study. We consider several endogenous behavioral variables. Therefore, we apply a multivariate Probit approach to jointly model them with WTP. In this case, correcting for endogeneity increases econometric efficiency and substantially corrects the bias affecting the estimated coefficients of the experience variables, by isolating the decreasing effect on option value caused by having already experienced the resource. Stark differences are unveiled between the marginal effects on WTP of previous experience of the resource in an alternative location versus experience in the location studied, Newfoundland and Labrador (Canada).
Introduction
Economic theory suggests that for a policy to be optimal it must balance benefits and costs at the margin, which, under general conditions, results in a maximization of net social benefits. When it comes to the conservation of natural resources and environmental amenities, it is more often than not the case that, while it is relatively easy to compute the cost of a policy, its benefits are difficult to monetize, since such policies often deal with goods and services that have no market price. This is also the case of policies related to whale conservation.
According to economic theory, the total value of a resource includes several components, one of which is the so-called existence value. This is the value that individuals derive from the mere existence of a resource, even if they never plan to use it (Krutilla 1967) . Similarly, option value is the value that individuals place on having the option to enjoy a resource in the future, although they may not currently use it, while bequest values would refer to the value placed on knowing that future generations will have the option to enjoy the resource. If these passive values are ignored or underestimated during the policy design process, the outcome of a policy will be sub-optimal. Since passive (or non-use) values cannot be estimated through market prices, researchers must resort to non-market valuation techniques that do not rely on observing market behavior, but instead use information obtained directly from stated preferences.
The most commonly used stated-preference method to estimate non-use values is the contingent valuation method. Contingent valuation (CV) consists of directly asking individuals to state the value they place on a proposed policy that involves a change in the quantity or quality of a certain resource (Freeman III 1993; Cummings and others 1986; Mitchell and Carson 1989) . One of the main concerns regarding CV studies is the accuracy of the CV estimates. Valuation accuracy is based on two concepts: reliability and validity. Validity implies that the CV estimate measures what it is theoretically supposed to measure and that it changes in a theoretically predicted way. Reliability refers to the stability of the measure over time and across populations (Cameron and Englin 1997; Whitehead and others 1995) . If the estimates are not both valid and reliable (i.e., inaccurate), their use becomes questionable in designing the public policies.
In CV studies, willingness to pay (WTP) functions are estimated to identify the variables that affect WTP, which can help to test the theoretical validity of WTP measures when economic theory guides the empirical model. For example, it is in many instances assumed that WTP should be positively correlated with income; that more avid recreationists should be willing to pay more for an improvement in a recreational facility (Whitehead 2005) ; or that those who know or have previously directly enjoyed an environmental asset are willing to pay more for its preservation.
In general, observed behavioral choices (visiting a recreational site, purchasing recreational equipment, visiting the area to be considered for preservation, etc.) are used as independent variables in the WTP functions in many CV applications, since they can act as a proxy for underlying unobservable attitudes towards the environment and, because these attitudes affect WTP and are usually correlated with other explanatory variables in the WTP model, leaving them out would cause omitted variable bias. In this study, we focus on the effect of behavioral choices that increase the respondent's level of experience of the resource valued. However, one problem associated with the use of these variables as independent variables is that they may actually be endogenously determined.
Endogeneity occurs when the error term in the behavioral model is correlated with the error term in the WTP model. This potential problem of the endogeneity of the experience binary variables in the main WTP equation could be regarded as a problem of endogenous switching (Miranda and Rabe-Hesketh 2006) . This problem affects the regression whenever the dependent variable of a model, in our case the binary variable PAY, is a function of a binary regime switch, in our case the binary variables capturing previous experience with the resource. For example, studies on smoking and drinking behavior suggest that having a higher education degree may be an endogenous switch, since impatient individuals (an unobservable characteristic) are both more likely to smoke and drink and less likely to invest in human capital, and therefore less likely to have completed a college degree (Bratti and Miranda 2011) .
Standard regression techniques result in biased and inconsistent estimators if there exist unobserved factors that affect the response in the main regression and are correlated with unobserved factors also affecting the switch processes (Heckman 1978 (Heckman , 1979 Angrist 2001) . For example, a naïve Probit model relating whether an individual is willing to pay for conservation of a natural resource (a binary variable) to variables that describe whether the individual experienced that resource would yield estimates likely reflecting the combined effect of unobserved attitudes towards and/or norms about the resource and of the experience itself. These naïve Probit estimates would, however, be biased, since they would attribute the net effect to the experience alone, likely masking the negative effect of a diminished option value. In fact, in some cases, although the unobserved characteristics had a positive effect on the WTP for the preservation of the resource, the net effect of the experience variable as such could well be negative, since the individual would now, having already experienced the resource, have a lower option value than those having yet to enjoy the experience of the resource.
This paper examines the issue of endogeneity bias in CV studies. This issue has not received much attention in the CV literature and only a few papers, reviewed in the background section below, have explored it. Moreover, the research to date has examined only the case of a single endogenous variable. The novelty of the present contribution is that we have considered more than one behavioral variable and we have applied a multivariate Probit (MVP) model to jointly estimate the WTP model and this set of multiple behavioral models. The focus of this paper is on the effect of correcting, in a dichotomouschoice WTP equation, for the endogeneity of explanatory variables that capture the respondent's previous experience with the good valued: humpback whales in Newfoundland and Labrador (NL). It is likely that the respondents' WTP to preserve the whales is correlated with their past choices to visit NL (a popular destination for whale-watchers) and, more importantly, to participate in whale-watching (either in that province or elsewhere) and their future plans to go whale-watching. Therefore, the endogeneity must be addressed. This contribution also informs upon the specific effect that a reduced option value has in the correction of the signs of experience variables. We have therefore paid special attention to the differences between having experienced a resource (whales in this case) at a given site and having experienced that same resource elsewhere.
The issue of endogeneity has been addressed, with a similar methodology (even if most often restricted to the bivariate case) in other subfields of economics. Several examples that consider the effect of a binary endogenous variable when modeling also a binary variable can be found in diverse fields including health economics (Buchmueller and others 2004; Benítez-Silva and others 2004; Contoyannis and Jones 2004; Balia and Jones 2008; Sosa-Rubí and others 2009) , law and economics (Deadman and MacDonald 2004) , labor economics (Pagani and Marenzi 2008) , agricultural economics (Dasgupta and others 2007), transportation economics (Fosgerau and Bjørner 2006) , and economics of education (Greene 1998; Fairlie 2005) . We believe, however, that the problem of endogeneity remains somewhat underexplored in the environmental economics literature and that the present paper is the first one to use multivariate analysis of order higher than two in a CV study to correct for the endogeneity of independent variables in the WTP equation. This is also the first study, to our knowledge, that considers separately the effect of correcting for the endogeneity of on-site user experience versus off-site user experience of the resource valued.
We used data from a nationwide phone survey of Canadians. The respondents were presented with a valuation scenario based on a policy consisting of subsidizing and enforcing the use of acoustic alarms in order to reduce the likelihood with which whales become entangled in fishing nets in the waters off NL. The results indicate that jointly estimating the WTP equation and the behavioral models (that explain respondents' previous experience with the resource) using a MVP model substantially corrects the endogeneity bias affecting the estimated coefficients of the experience variables, although the correction of mean WTP estimates is less substantial.
Respondent Experience and Endogeneity in CV Studies
The role of the familiarity of respondents with the valued resource, or their experience with it, and the information they have about it has gained a great deal of attention in CV studies. The research in this area has considered the effects on the size and validity of WTP responses of the quantity and quality of information about the resource (Whitehead and others 1995; Ajzen and others 1996; Blomquist and Whitehead 1998; Hoehn and Randall 2002) , past experience with the resource, and knowledge about it (Whitehead and others 1993; Boyle and others 1993; Whitehead and others 1995; Loomis and White 1996; Brown and others 1996; Champ and others 1997; Cameron and Englin 1997; Turpie 2003; Kniivila 2006; Tisdell and others 2008) . The vast majority of articles report that experience and knowledge about the resource positively affect the validity and reliability of the estimates. In addition, Paradiso and Trisorio (2001) show that a direct knowledge of the good valued reduces the observed disparity between hypothetical and real WTP.
However, variables about experience and information are likely to be endogenous in WTP models, since, as Cameron and Englin (1997) argue, respondents' experience with the resource valued can be endogenously determined by their past behavior. Cameron and Englin argue that users of a typical, not exotic, environmental good are selfselected, making it possible that respondents gained their experience with the good due to the same unobservable 'reasons' as those that influenced their WTP for the resource. In that case, the estimation of the standard single equation WTP model leads to reduced econometric accuracy, since the error term in the WTP equation is correlated with the familiarity/experience variables, which biases the coefficient of these endogenous variables. Cameron and Englin consider the case of the valuation of improvements in trout habitats affected by the potential endogeneity of fishing experience and use of a simultaneous equations model to correct for possible endogeneity bias. These authors used different assumptions about how the variable describing experience was distributed, although not including it as a binary variable, like in our case.
Another study (Alberini and others 1997) uses a two equation model to jointly estimate the WTP to avoid episodes of respiratory illness. The first equation models the WTP to avoid illness and the second one models the dichotomous variable describing the mitigating behavior (visiting a doctor). Analogously, in our own application, lack of experience with whales could be conceived as 'the illness' and whale-watching as 'the mitigating behavior'. Alberini and others (1997) indicate that the error term of the second equation is likely correlated with the one in the WTP equation and suggest either estimating the equations separately (since the doctor visit variable did not enter the main WTP equation) or jointly as a system of seemingly unrelated equations. They detect some correlation among the two errors. However, the joint estimation resulted in a non-significant increase in econometric efficiency. Fosgerau and Bjørner (2006) use a simultaneous equation model when estimating the WTP for noise reduction. The authors argue that the respondents' reported annoyance from road noise is a potentially endogenous variable. In their approach, a continuous (but censored) variable for WTP and an ordinal one for annoyance were jointly modeled. Their results showed that modeling annoyance as an endogenous variable significantly (up to 10 %) reduced the standard errors of the expected marginal WTP. Whitehead (2005) also mentions that it is often the case that researchers include potentially endogenous variables in the WTP model, which results in inconsistent estimates of the coefficients of the endogenous variables. As a way of obtaining consistent estimates, he discusses the instrumental variable approach and, as an alternative, the joint estimation of the behavioral and WTP models. Whitehead (2005) (rather than just using a binary variable to describe experience, like in our study) asked respondents about their WTP for the improvement of the resource quality and the history of past visits to the resource, as well as about future visits after the enhancement in the quality of the resource. Both approaches lead to an increase in econometric efficiency and a significant correction on the welfare estimates. Accounting for the endogeneity of the change in visits in both independent and jointly estimated models of WTP and behavior yields an increase in the ratio of use value to total value.
In his study of WTP for water quality improvements, Whitehead (2006) asked respondents about their perception of water quality. According to the author, the water quality perception variable was potentially endogenous, as it might be affected by the same unobserved characteristics (i.e., taste) as the WTP for water quality improvement. In order to avoid the potential endogeneity bias, Whitehead (2006) applied a bivariate Probit model.
A study of households' WTP for a curbside recycling program (Bohara and others 2007) found that households who had previous experience with the recycling program through a pilot project were more likely to reduce the garbage container size and express a higher WTP for a curbside recycling program than non-participants in the pilot project. As in Whitehead (2006) , the loss in econometric efficiency was avoided by the simultaneous estimation of two equations: one for the WTP for the curbside recycling program and another one for the decision whether or not to reduce the container size, as the authors surmised that endogeneity was affecting these two decisions.
A study of WTP for forest biodiversity preservation in France others 2007, 2008 ) uses a similar approach. In particular, these authors argue that the value a respondent places on biodiversity preservation may vary depending on whether the respondent is a forest visitor or not. That is, the decision whether or not to participate in forest recreational activities might be correlated with the decision to pay to support forest biodiversity. Using a bivariate Probit model, the authors show the significant dependence between these two decisions Garcia and others (2008) . Hence, the application of a separate Probit model would lead to a loss of econometric efficiency. The simultaneous bivariate Probit formulation applied in Garcia and others (2007) , which resembles more our own analysis below than the one in Garcia and others (2008) , shows efficiency gains in the estimation procedure but a relatively small correction of the mean WTP estimate.
An even more recent study by Konishi and Adachi (2011) considers the endogeneity of averting behavior (self-protection against arsenic contamination) in a CV study of drinking water quality. They find that correcting for endogeneity results in a change in sign from positive to negative for the estimated effect of self-protection (the endogenous behavioral choice) on the WTP for public efforts to improve water quality.
Our own study builds on this subset of the CV literature by considering the effect of correcting for the suspected endogeneity introduced by four experience variables. The use of a MVP to deal with this issue is however, relatively innovative, as previous CV studies dealt, to our knowledge, with only one endogenous variable. Applications of the MVP are also relatively few in the economic literature in general, likely because they require high dimensional numerical-or simulation-based integration, and integration (or simulation) of the multivariate normal density over subsets of a Euclidean space is computationally burdensome (Huguenin and others 2009) . However, our main contribution is to consider separately, for the first time to our knowledge, the effect of correcting for the endogeneity of on-site versus off-site experience of use of the resource valued.
Data
The 29-question survey was administered in French and English by a professional survey research company and covered the ten Canadian provinces. The respondents were adult (over 19 years old) Canadian citizens, landed immigrants, and those holding a student or work visa. Random Digit Dial (RDD) was used during the field work, no panel of customers was involved. The sample was built using an enhanced RDD method that uses the traditional method of generating phone numbers within working banks of 100 sequential phone numbers, following up to retrieve phonebook listing data where available, and then providing geo-coding for all records in the sample. Phone numbers were dialed repeatedly until contact was made or it was established that further calls were not warranted (due to refusals, not-in-services, etc.). The final response rate was about 23 % and the final sample includes 614 usable observations.
The response rate is somewhat lower than what is usually obtained in similar phone surveys. We suspect that those who decided to co-operate with the survey effort might have a higher level of knowledge about wildlife and higher WTP for wildlife preservation than an average Canadian. In fact, according to our data, 38 % of the 514 respondents (a proportion that happens to be remarkably close to its counterpart, 35 %, in Loomis and Larson (1994) study of the valuation of whales in California) in our final sample participated in whale-watching activities at some point in time, while 33 % of respondents fish and 8 % hunt. The corresponding percentages in the fuller sample (N = 614), which contains the additional 100 protest responses, would, similarly, be 37, 33, and 8 %. At the same time, according to the Survey on the Importance of Nature to Canadians conducted in 1996 by DuWors and others (1999) , 5 % of Canadians hunted, 18 % fished and 19 % participated in wildlife viewing. We thus acknowledge that non-response bias and even sample selection bias (Eklöf and Karlsson 1997) may be affecting our study and, therefore, would recommend caution when extrapolating values of welfare measures obtained from our sample to the general population. This extrapolation is, in any event, not necessary for the purpose of showcasing the effect of accounting for endogeneity in some of the independent variables, which is the main focus of this paper.
However The survey first included general questions about attitudes towards the environment, whale-watching experiences, whale-watching experience in NL, and travel to or affinity with this province. Specifically, we asked if respondents had whale-watched and, if so, if in NL. However, we never asked those who had whale-watched in NL if they had done it somewhere else too. However, what mattered for our purposes was identifying who whalewatched NL, regardless of whether they had also watched whales elsewhere. That is, it was key for us to identify who whale-watched only elsewhere, but not who whale-watched only in NL.
Respondents then heard about the whale entanglement problem in the waters off of NL and were asked if they were aware of this issue. A hypothetical whale conservation policy was then briefly described. The conservation policy proposed was simple and plausible, based on imposing and subsidizing the use of acoustic alarms to prevent whales from becoming entangled in fishing gear, so that entanglement incidents would decrease from the current number of about 100 to around 10, 20, or 40 [a value randomly assigned across respondents] during the next 5 years. The variable indicating these values was not included, however, in the specifications reported, since it was not found significant when univariate models were used to analyze the data .
Respondents were then asked about their willingness to support the policy through a dichotomous-choice question. There were two versions of the survey, one that used donations to an environmental organization as the payment vehicle and another that suggested a tax increase instead. The following question was posed:
• Donation version: Would you be willing to donate $ [15, 30, 45, 60, 75 The bid vector was designed using guidance from related CV literature and refined after analysis of the pretest data (which prompted us, after checking the distribution of responses among 51 respondents to add the $100 value to the vector).
In both cases, the possible answers were: 'yes', 'no', and 'don't know'. These answers were coded as the variable PAY with the value one for a 'yes' and the value zero for a 'no' or a 'don't know'. Further treatments of 'don't know' responses were deemed beyond the scope of this paper. In particular, the reduction in the working sample resulting from dropping these 65 responses made it impossible to showcase the effects of correcting for the endogeneity of the past experience variables. However, Martínez-Espiñe-ira and Lyssenko (2011) consider the treatment of the ambivalent responses in this dataset in detail.
If the answer was 'no', the respondent was asked to provide the reasons behind that answer. We offered nine possible options (and ''other reason'') in order to facilitate the respondent's task. Using the resulting answers to this debriefing question, protesters were identified and removed from the dataset. The main reasons to exclude a response were those that indicated mistrust of the body in charge of the policy or lack of confidence that the policy would be effective, disagreement with the payment vehicle (tax or donation), disagreement with having to pay through federal taxes for what was seen as a provincial problem for NL, or thinking that it was a problem of fisher people only. Lyssenko and Martínez-Espiñeira (2012) include further details about the identification of protest responses.
The final section of the survey included several socioeconomic questions (age, income, education, etc.) . Table 1 includes a description of the variables and provides summary statistics, while Table 2 shows the distribution of the variable PAY, which is the dependent variable in our main WTP model. Environmental Management (2012) 50:819-836 823 It should be noted that we did not pose our payment question as a vote on a referendum as such (e.g., vote in favor/vote against) and, therefore, we did not specify any provision rule based on the results of a referendum (specifying, for instance, that the program would only go ahead if at least 50 % of voters voted for it).
Whether the answer to the dichotomous-choice WTP question was 'yes' or 'no', respondents were asked to rank their confidence on that answer on a scale from 1 (not sure at all) to 10 (very sure), while 'Don't know' responses were assigned a value of one in this numerical certainty scale. This variable howsure, equivalent to the numerical certainty scales constructed in other previous works (Champ and others 1997; Champ and Bishop 2001) , was simply used as an explanatory variable as in Ekstrand and Loomis (1998) , since in this paper we do not deal with the treatment of response uncertainty (Shaikh and others 2007; Akter and others 2008; Petrolia and Kim 2011) . Two companion papers, Lyssenko and Martínez-Espiñeira (2012) and, more specifically, Martínez-Espiñeira and , deal instead explicitly with the issue of uncertainty and exploit further the availability of variable howsure.
As it often occurs in CV studies we faced some problems of item non-response in our dataset. Five variables presented missing values: income, age, age group, and education. We decided to use multivariate imputation techniques to handle these missing values, rather than simply discarding the incomplete observations. In order to impute the missing values for the variables we followed the imputation approach developed by Royston (2004 Royston ( , 2005a , based on a chained equations algorithm. It should be noted that age group is not described in Table 1 , because it just captured information on the age interval of those few respondents who did not volunteer a point value for age. Its values were used, however, during the recursive imputation process of missing values of age. Similarly, the income variable was used for the same purpose and to construct less that 70 grand.
As a result of the imputation, we obtained ten datasets that we could use for the further data analysis. Each dataset included 614 complete observations with small variations in the imputed values across datasets. For more commonly applied procedures, the mim command in Stata makes it possible to obtain a summarized result based on the combination of datasets. However, mim does not support MVP analysis (Galati and others 2008) . Therefore, we applied our analysis to one individual set of 514 observations (the original 614 minus 100 protest responses). While there are slight variations in the results according to the choice of dataset, the conclusions do not change in qualitative terms depending on this choice. Finally, the variable weight is a weight based on the agegender distribution of respondents in each province and constructed using information about the sampling strategy.
Economic Model
The theoretical models of WTP behind dichotomouschoice CV models are commonly based on Hanemann (1984) random utility model or Cameron (1988) random WTP model. We follow the latter, which specifies a binary choice model for estimation which can then be transformed into a valuation function (Cameron and James 1987) . This approach assumes that the bid function results from a utility difference problem that is resolved by the respondent (Bateman and others 2002, p. 188) , avoiding the incorporation of the utility maximization into the bid function model, being instead a direct approach to modeling the bid function. The binary response to the payment question can be understood as indicating whether the respondent's maximum WTP is higher than the proposed bid (t in the notation used in this section) or not. The variations in price and/or in quality induced by the policy proposed can be summarized by letting v 0 and v 1 represent the indirect utility of the respondent before and after the policy is implemented (Haab and McConnell 2002, p. 25) , which results in:
where WTP represents the amount that leaves the respondent indifferent between the status quo and the state resulting from the application of the policy. This indirect utility function has as arguments the individual's income (y j ), her socio-demographic characteristics and other relevant characteristics of the policy scenario, including questionnaire variations (y j ). Additionally, the respondent's choice is also affected by a component of individual variation in preferences e j known to her but not to the researcher. This addition makes it possible to define the problem in a probabilistic manner, so that econometric methods can be applied to solve it. Solving Eq. (1) for WTP defines it as a function of the respondent's income, relevant covariates, and the unobserved random preference components. Since neither e 0j nor e 1j can be observed, they can be combined into the single term e j . In general, e j = f(e 0j , e 1j ) with e j = e 1j -e 0j in the case of additive errors. We should expect to obtain a 'yes' answer to a payment question in the CV questionnaire if:
This will apply when
Utility is increasing (if at a decreasing rate) in income, so any t j smaller than the respondent's WTP would make the left hand side of Eq. (2) greater than the right hand side. Therefore:
which links the modeling of WTP based on a direct approach through the expenditure difference (Cameron 1988 ) to the utility difference approach proposed by Hanemann (1984) , as shown by Haab and McConnell (2002, p. 51) .
Linearly linking the individual's income and other covariates to the WTP, with an additive stochastic preference term, obtains, with a slight simplification of notation:
where g j is symmetric, IID with mean zero, c is a m-dimensional vector of estimable parameters, and z j is an m-dimensional vector of covariates for respondent j. The probability of a 'yes' results if the WTP exceeds the proposed bid, so:
If g j = N(0, r 2 ) the standard Probit model obtains after dividing by the SD r:
where now h is the standard normal, so distributed N(0, 1). A Probit regression yields estimates of c/r and -1/r, which can be used to calculate a summary estimate of WTP. Haab and McConnell (2002, pp. 32-35) show that the mean/median WTP for the average respondent can be calculated as: where b 0 is the vector of untransformed coefficients obtained from the binary Probit and b t is the value of the estimated coefficient on the bid variable, and z is the vector of means of independent variables in a particular regression.
Econometric Model
In this section we describe the econometric model we used to empirically analyze the responses to the survey and in particular to account for the likely link between WTP to protect whales and experience with the resource: having been to the province of NL and plans for future participation and previous actual participation in whale-watching.
In estimating the WTP equation, we addressed the potential endogeneity of these experience binary variables that complicates the causal relationships between them and the answer to the payment question. Those respondents who had experienced whale-watching at the time of the survey might be systematically more likely to agree to the payment question (that is, to be willing to pay for the protection of whales) due to unobserved characteristics of theirs. On the other hand, once someone experiences whale-watching they might feel their WTP reduced because now their option value is lower. Thus, the coefficient of the variables capturing whale-watching experience in the naïve WTP Probit equation could well be biased, as it would overstate the positive impact of previous experience of the resource on the WTP for its preservation. In other words, a naïve Probit model would not allow us to discern whether previous experience with whales affected WTP and how. For this reason, the experience variables (beentoNL, watchedelse and watchedNL) were treated as potentially endogenous variables in our WTP model. Two-step techniques may be biased when the variable concerned (in our case PAY) is discrete (O'Higgins 1994) and will be biased when the endogenous variables are discrete (Wooldridge 1997; Winkelmann 2008, p. 167) . The full information approach will also always result in more efficient estimators than the two-stage approaches. Therefore, we applied a full information approach when dealing with the issue of endogeneity in the estimation of the five equations involved. An alternative approach (Cameron and Englin 1997) considered the effect of previous experience with the valued good through the error variance of the expected value of WTP. We use, a robust estimator that allows for a general form of heteroskedasticity, but focus on the effect of experience on the mean WTP instead.
We estimated a five-equation latent dependent variable model. The model is based on the assumption that there are five underlying latent propensity variables WTP*, WH*, WHNL*, BEEN*, and PLAN*, which represent, respectively, (a) the propensity to agree to the payment question (thus the WTP for whale conservation), (b) the propensity to do whale-watching elsewhere, (c) the propensity to go whale-watching in NL, (d) the propensity to visit NL, and (e) the propensity to hold the intention to do whalewatching in the future. These latent variables are in actuality not observable, but we have available information on the realized response to the payment question, and the four questions of previous and potential experience.
The propensities WTP*, WH*, WHNL*, BEEN*, and PLAN* may be mapped to the corresponding five observable binary discrete variables PAY, watchedelse, watchedNL, beentoNL, and plan. More precisely, these binary variables are:
and
In order to account for the endogeneity relationships described above, we estimated a MVP model, which allows the unobservables in Eqs. (3-7) to be jointly distributed as a multivariate normal with free correlations. To be more precise, in the MVP model the error terms in the five equations are jointly distributed with a multivariate normal distribution function, that is (e 1 , e 2 , e 3 , e 4 , e 5 ) $ MVN (0, R) where R is the variance-covariance matrix taking values of 1 on the leading diagonal, while the off-diagonal elements are to be estimated. This matrix R is given by: where q ij represents the correlation coefficient between e i and e j , with i, j = 1, 2, 3, 4, 5 and i = j. By allowing the off-diagonal elements of Matrix R to differ from zero, we account for the effect of unobserved characteristics that potentially influence at the same time two of the choices made by the respondent. This model takes then into account the likely possibility that some unobserved factors that influence a respondent's WTP also affect the likelihood of participating in activities that put the respondent in contact with the resource. We can test the hypothesis of correlation among these unobserved components of the five equations by considering the joint significance of the coefficients of correlation between their error terms. Our MVP model included a main WTP equation (where the dependent variable was PAY) and four additional equations each modeling one of the four, potentially endogenous, binary experience variables: watchedelse, watchedNL, beentoNL, and plan. The focus of our analysis lied ultimately on the main WTP equation, including the estimation of the effects of previous experience on the estimated WTP. Therefore, we included some binary variables that captured respondent experience in the WTP equation. Although advisable (Monfardini and Radice 2008) , it is not required (Wilde 2000) to use exclusion restrictions in the equations of the experience variables as long as there exist variations in covariates. Thus, we included the same variables in all the equations, except for those variables that would explain WTP but not the previous decisions about experiencing whales and the province of NL.
The five equations considered used the following specifications:
where SD refers to socio-demographic variables (age, lessthan70grand, degree, Ontario, and Manitoba) and SV to those variables (bid, tax, and howsure) that have to do with the survey design or the degree of certainty about the WTP response. These five equations were simultaneously estimated using Stata 11 (Statacorp 2009 ) the command mvprobit (Cappellari and Jenkins 2003) , which employs the Geweke-Hajivassiliou-Keane (GHK) simulator to evaluate the m-dimensional normal integrals in the likelihood function. Further details about this simulator can be found in Train (2003, pp. 126-137) or Greene (2003, pp. 931-933) and references therein.
Since the procedure used involves simulation, one of the key choices the researcher must make is about the number of draws to consider. For moderate to large sample sizes, setting the number of draws (R) equal to an integer approximately equal to the square root of the sample size is considered appropriate (Cappellari and Jenkins 2003) . Therefore, we used 20 draws in the MVP. There were only small differences in the results under alternative choices of the number of draws, although the mvprobit routine had trouble achieving convergence when a much higher number was used. Table 3 shows the results of the different Probit regressions described above. The likelihood ratio test of the null that the correlation coefficients among the five binary variables concerned is jointly equal to zero (q ij = 0 for all i = j) suggests that the joint estimation of the variable PAY and the experience variables through the MVP is preferable to the naïve Probit model.
Results
The results of the individual Probit regressions can be compared with those obtained from the MVP model that jointly estimates the five equations involved. The main WTP equation relates the binary variable PAY to the bid value and a series of variables that describe the respondent's household. These variables include the experience variables which we suspected were endogenously determined: whalewatched, watchedNL, and beentoNL. Additionally, we included the variable tax in order to investigate the effect of the payment vehicle on the respondent's WTP. We also experimented with the inclusion of an interaction term between tax and bid in order to find out whether the marginal effect of bid differed across payment vehicle treatments. The estimated effect of this interaction term was clearly non-significant both in the univariate and the MVP models.
As expected, the estimate of the coefficient of bid is negative and significant (at the 5 % level of significance) in the MVP model, while only significant at the 10 % level of significance in the Probit model that ignores the correlation between the experience decisions and the WTP decision. There appears to be a negative effect of age on WTP.
The estimated coefficient of the variable degree has no significant effect on WTP, while it helps explain some of the whale-watching experience choices.
The socio-demographic variables are used to explain the choice of whale-watching outside NL and also the decision to visit this province, so once these decisions are modeled jointly, using MVP with the WTP decision, the endogeneity bias affecting their estimate is expected to decrease. The variable lessthan70grand presents the expected negative effect on WTP, but the effect is not significant.
As explained above, we followed a split-sample approach in order to investigate the potential for payment Environmental Management (2012) 50:819-836 827 Voluntary payment mechanisms are supposed in the CV literature to be incentive-incompatible. On the other hand, and apart from issues related to the credibility associated with each type of payment vehicle (e.g., Bateman and others 1995; Jakobsson and Dragun 1996) , theoretically, there are two conceivable conflicting behavioral responses to the payment vehicle based on voluntary contributions: free-riding and strategic behavior (Wiser 2007) . Only one of these predicts that the WTP estimated using donations as the payment vehicle would exceed the WTP estimated using taxes.
The theoretical effect the potential for free-riding means that, just as in the case of actual payments, the stated WTP under compulsory collective payments (such as taxes) should be higher than the stated WTP under voluntary contribution elicitation mechanisms. Compulsory collective payments (e.g., taxes) may be supported by many to fund public goods, while those same individuals would choose to ''free ride'' instead when faced with voluntary contributions (e.g., donations). According to Carson (1997) , survey-based estimates for public goods with coercive payment mechanisms and quasi-public goods seem to be about equal to or less than estimates from their behavioral counterparts. Estimates from surveys based on voluntary contributions and potential purchases of private goods are, on the other hand, often substantially greater than those based on their behavioral counterparts. Champ and others (1997, p. 152) also suggest that ''Free-riding behavior makes it natural to interpret donations as theoretical lower bounds on values: If people tend to hold back hoping that others will donate toward the provision of environmental goods, then donations actually collected must surely undervalue those goods '' and Champ and others (2002, p. 601) conclude: ''Relative to the referendum mechanism, we find statistical evidence that the individual contribution mechanism in a dichotomous-choice question format results in a lower propensity to agree to pay for a public good, which is consistent with economic theory''.
In contrast, since in CV we are dealing with hypothetical rather than actual contributions, theoretical considerations based on strategic behavior and incentive compatibility suggest that some individuals might overstate their true WTP due to, for example, ''yeah-saying'' to the payment question when the public good is potentially desirable (Carson 1997; Wiser 2007) . Therefore, the stated WTP under a collective compulsory payment would be predicted to be lower than the WTP under a voluntary payment. That is, when the payment vehicle is a donation, individuals have the incentive to exaggerate their WTP (if they want the good at all) and then free ride when payment is collected (Ivehammar 2009 ).
Two recent contributions, Wiser (2007) and Ivehammar (2009) review the CV literature that tests the sensitivity of WTP to the choice between voluntary (e.g., donations) and collective (e.g., taxes) payment methods. The majority of the reviewed papers report that when a collective payment method was used the resulting WTP was greater or equal to WTP obtained under the scenario with a voluntary payment method. Thus the free-riding effects associated with the voluntary payment method are likely to dominate the strategic behavior effects and overbidding effects (as categorized by Wiser 2007). One of the few exceptions is the paper by Stithou and Scarpa (2012) who came up with the opposite result and concluded that their findings are ''consistent with the theory of strategic response/overbidding behavioral responses''. At least one earlier study (Stevens and others 1991) found that many respondents believe that wildlife preservation efforts should be financed by taxes or license fees, while Harris and Brown (1992) found that most respondents prefer collective payments through taxes for wildlife impact reductions. Jakobsson and Dragun (1996) found that, under both discrete and continuous response formats, the average WTP for possum protection through donations was 35 % lower than through a tax.
Our results seem to agree with the majority of the studies that considered alternative payment vehicles. As shown in Table 3 , those who received the tax version of the survey were significantly more likely to agree to pay the proposed bid value. This suggests that perhaps respondents Likelihood ratio test of q 21 = q 31 = q 41 = q 51 = q 32 = q 42 = q 52 = q 43 = q 53 = q 54 = 0 : v 2 (10) = 138.183*** Environmental Management (2012) 50:819-836 829 incorporated in their calculations the potential for freeriding offered by the donation format. The variable plan presents a positive and highly significant estimated coefficient in both models. This means that those who answered 'yes' or 'maybe' to the question ''are you planning to go whale-watching within the next 5 years?'' are more willing to pay to protect whales. This suggests that there may be a substantial proportion of the benefit derived from the conservation of whales that is related to an option value.
Residents in the provinces of Manitoba and Ontario appear to be significantly more likely to pay for whale conservation. These coefficients capture systematic effects of unobservable characteristics of residents in these two provinces. Since factors like education and income have already been controlled for, we could suggest that the unobservable characteristics would be related in this case to attitudes towards the marine environment.
Correlation Effects
The MVP model yields estimated measures of correlation between the errors of each of the five equations involved. This helps us understand the direction of the bias involved in assuming that there is no endogeneity between the decisions to acquire experience and the decision about WTP for conservation.
The positive effect of watchedelse on WTP was clearly underestimated by the naïve Probit model (first column of Table 3 ). The MVP model (last column of Table 3) shows a stronger and also highly significant effect for this variable and also a significant and negative correlation (q 21 ) between the errors of the main WTP equation (whose dependent variable is PAY) and the watchedelse equation. This suggests that there are unobserved characteristics of the respondents that, after controlling for the independent variables included in both equations, make them less likely to be willing to pay to support whale conservation if they have already been whale-watching somewhere other than NL, and vice versa. However, since they have not yet enjoyed watching whales in NL, even after controlling for plan, there may remain some effects due to option values that, when properly isolated, result in a significantly positive sign for watchedelse. That is, those who have already enjoyed whale-watching themselves in a region other than NL might feel they derive utility now from the preservation of whales in this particular province, suggesting that whales in different regions enter as complements in the utility function of those who enjoy whale-watching. They have 'done that', but they have not 'been there' yet. The MVP model allows us to disentangle the (negative) effect of unobserved characteristics from the effect of whale-watching elsewhere itself on WTP, which is indeed positive. By lumping together the two effects, the naïve Probit model underestimates the effect of watchedelse, making it appear non-significant and actually very close in magnitude to the effect of watchedNL.
When considering watchedNL, which indicates those individuals who did whale-watching in NL, we show in Table 3 that its effect on WTP appears to be substantially overestimated by the naïve Probit model, where it takes a positive sign, even if showing a non-significant effect. The MVP model shows instead a highly significant and negative effect for this variable and also, crucially, a significant and positive correlation (q 31 ) between the errors of the main WTP equation and the watchedNL equation. This confirms the suspicion that there are unobserved characteristics of the respondents that, after controlling for the independent variables included in both equations, make them more likely to be willing to pay to support the conservation of NL whales and simultaneously more likely to have been whale-watching in the province studied, and vice versa. Perhaps the reason for this effect is that, after controlling for the observable variables included in the equations, there may remain some positive effects on WTP of having enjoyed marine wildlife viewing in NL due to option values. That is, those who have already enjoyed whale-watching in this province might be happier to support conservation efforts in that area, while the effect of the whale-watching experience itself, in line with the results described above for watchedelse, actually has a negative effect on WTP. Those for whom watchedNL takes the value of one have both 'done that' (whale-watched) and 'been there' (they did it in NL), so now their option value is much lower, suggesting that whale-watching in that same province in the future is just a substitute for whalewatching there in the past.
The MVP makes it possible again to disentangle the positive effects on WTP of unobserved characteristics of the whale-watchers from the net effect of whale-watching in NL, which is itself actually negative. By lumping together the two effects, the naïve Probit model was incorrectly allocating a positive net effect to the variable watchedNL, rather than the correct negative one, and in this case was making it look the same as the effect of watchedelse, which, as explained above, was actually significantly positive and much larger instead. This result is in line with the one obtained by Cameron and Englin (1997) , who also observed that failing to correct for the endogeneity of years of fishing experience would result in a positive effect of experience on WTP, while the net effect, when endogeneity was corrected for, was negative. Similarly, Konishi and Adachi (2011) found that after correcting for endogeneity the estimated effect of private mitigating behavior on WTP for public mitigation of environmental risks associated with water pollution switched signs.
Finally, the fact that someone has beentoNL appears to have a positive, albeit not statistically significant, effect on the WTP for whale preservation in the province. Those who have 'been there' but not 'done that' yet, seem to be interested in keeping the option open. The degree of endogeneity of this variable was not enough, however, to result in a significant correlation coefficient (q 41 ). We model it nonetheless as endogenous, because, since the estimated coefficients of q 42 and q 54 are significant, it makes it possible to better estimate the effect of watchedelse and plan, which is central for our application.
We do find the correlation coefficient (q 51 ) between plan and PAY positive and significant. We can also see that the positive and significant coefficient of plan in the naïve Probit equation becomes negative but non-significant once the endogeneity is corrected for. The could be explained by the loss of efficiency resulting from the lack of strong instruments with which to model plan in the auxiliary equations.
Mean WTP Table 4 reports the estimated mean (which for this type of model, since it uses a linear bid, is the same as the estimated median) WTP measure and the 95 % confidence intervals calculated (using 10,000 iterations) following Robb (1986, 1990) procedure (Haab and McConnell 2002, pp. 110-113) , which allow one to directly compare the estimates of WTP across models and methods (Park and others 1991) . The $48.36 obtained by the univariate Probit model turns into $47.74 once the endogeneity of the experience variables is accounted for by the MVP. However, the difference is not actually statistically significant, as shown by the overlap of the 95 % confidence intervals calculated. Note that the MVP estimate is also slightly more precise.
The difference of less than a dollar in point estimates could become substantial when aggregated to the population level. However, the adjustment in mean/median WTP that results from accounting for endogeneity would likely be less practically relevant than the potential implications, particularly when it comes to the use of the results for future benefit transfer studies, of having corrected the bias in the explanatory variables that describe respondent experience. Benefit transfer, the use of existing data or information in settings other than for what it was originally collected (Rosenberger and Loomis 2003) , constitutes an alternative to conducting an original valuation study which has been used extensively in the past decades (Boyle and others 2010; Johnston and Rosenberger 2010) . Two main approaches of benefit transfer can be considered, one based on a value transfer and one based on a function transfer (Richardson and Loomis 2009) . When a value transfer is applied, a single estimate or an average of multiple estimates is transferred from the original site to a site with similar species that are being evaluated. In a function transfer, a statistical function is estimated based on the original studies, perhaps based on a meta-analysis of a large number of studies (Loomis and White 1996; Bergstrom and Taylor 2006; Richardson and Loomis 2009) , and then this function is applied to the new study site to estimate a value without the need, in any case, to conduct a new valuation study. The approach based on function transfers is generally considered more accurate, because they make it possible to account for differences in the site characteristics and the population with standing in the policy considered Loomis 2003, 2009) .
However, the strength of the function transfer approach relies on having estimated the effect of explanatory variables of WTP without bias in the original study. If the estimated effects of variables such as income, age, gender, scope, or previous experience of the resource valued (the focus of our paper) in the original study are affected by issues of endogeneity, the estimates of WTP in the new study resulting from the application of benefit transfer could be substantially affected. It is then particularly important, independently of the effect that correcting for endogeneity might have on the benefit estimate in the original study, to aim for the estimation of unbiased estimates of the effects of explanatory variables when it comes to the use of the original results for benefit transfer.
Conclusions, Limitations, and Suggestions for Further Research
The present paper focused on the issue of endogeneity bias in CV studies. If one or more explanatory variables in the WTP equation are correlated with the error term, a bias occurs, since a set of observable and unobservable characteristics of the respondents simultaneously affect both their WTP and the value of the endogenous variables. While the issue of endogeneity bias has been discussed in other areas of economics, such as health and labor economics, it has not gained as of yet much attention in the environmental economics literature. The literature that discusses the endogeneity in the context of CV studies is very scarce. Moreover, the existing CV research models no more than one endogenous variable and, therefore, applies bivariate analysis to correct for endogeneity. In the present paper we identified instead a number of potentially endogenous variables. In particular, we focused on the variables that capture the previous experience with the good valued and area of study: humpback whales in NL. We thus jointly model the answers to the WTP question and to the questions that measure respondents' previous experience. Our MVP model includes a WTP equation and four additional equations for the four, potentially endogenous, experience binary variables included as independent variables in the WTP equation.
One clear advantage of multivariate model is that it controls for all independent variables in the behavioral and structural equations, thus separating the effects of unobserved characteristics from the effects of a particular behavioral variable on the WTP decision. In contrast, the naïve Probit model confounds the effects of an endogenous variable and unobserved characteristics on the WTP which results in the 'obscuring' of the effect of the behavioral variable on WTP. The comparison of the MVP regression results and the ones obtained under the naïve Probit setup revealed that the coefficients of the behavioral variables in the multivariate model become statistically significant and acquire signs opposite to one another. These results show that careful modeling of the endogenous variables may lead to revealing the true direction of the net effects of the behavioral variables on WTP. The joint estimation of behavioral equations and the WTP equation can detect whether or not unobserved characteristics of the respondents affect the WTP for the resource as well as respondents' choices that lead to the contact and experience with the resource. Our MVP regression results show an interrelationship between the answer to the WTP question and observed behavioral choices as well as an interrelationship between the choices. The correlation coefficients, obtained using our multivariate model appeared to be jointly statistically significant, while most of them are also individually significant. Overall, we found that jointly estimating the WTP equation and the behavioral models substantially impacts the estimated coefficients of the experience variables by correcting the bias caused by their endogeneity and increases econometric efficiency, by reducing their variances in such a way that their non-significant coefficients become highly significant.
In particular, we have shown that it is difficult to disentangle the net effects of having experienced a resource on the WTP for its preservation when the potential endogeneity of the variables that capture that experience is unaccounted for. Additionally, we have shown that, in line with theoretical expectations, there can be substantial differences in terms of the effect on WTP estimates between variables that identify experience of the resource at the site where the valued resource is located and those that identify experience of the same (or similar) resource in an alternative location. Having already experienced a resource in a given area decreases WTP for its preservation in that same area, likely because of a reduction in option values, while having enjoyed access to the resource only elsewhere, increases it.
Correcting for endogeneity bias makes it possible to obtain estimates that can be more safely used in benefit transfer studies. As the results demonstrate, modeling endogenous variables can also lead to changes in welfare estimates, but these are likely to be small. In particular, we show that when we model behavioral variables as endogenous, the point estimate of the mean WTP decreases by only about 1 % and the change is not statistically significant, as shown by the overlapping 95 % confidence intervals.
In terms of the practical implications of our analysis, correctly estimating the net effect on WTP of an experience variable could be argued to be of secondary importance if omitted unobservables (e.g., underlying attitudes towards environmental conservation) are expected to always be correlated to a similar extent with prior experience and they are only to be used as a proxy for those unobservables.
However, even if testing whether underlying positive attitudes towards the environment are correlated with willingness to support a given conservation policy were the only concern, one might want to correct for endogeneity in order to disentangle both types of effects (actual experience versus underlying unobserved individual heterogeneity). Otherwise, the effect of individual heterogeneity would be estimated with bias.
It is also conceivable, if perhaps implausible, that in a particular policy context the valuation analyst might be asked to provide guidance about what type of individual will more likely support a conservation policy. As illustrated by our application to the case of whale-watching, it could well be that those with an underlying interest in whale-watching (perhaps given by their underlying positive attitudes towards the environment in general) will more likely support the policy but that those with actual whalewatching experience will be less likely to support it. This would be a practically relevant policy issue, because it would always be easier to identify 'actual whale-watchers' than 'would be whale-watchers'. Our results would recommend looking, again in the case of whale conservation, for 'potential' whale-watchers but avoid those who had already been actually whale-watching (most of all in the same geographical region) when looking for supporters of further conservation. Conversely, if there were to be a reallife situation whereby some consumers were exposed to whales (or wildlife in general) due to a random selection process, rather than by their own choice, an unbiased estimate of the effect of this experience on their WTP might be of interest.
Correctly estimating the coefficient of an endogenous variable might also become useful when correcting for issues of non-response bias and sample selection. Overrepresentation of individuals with previous experience with the resource valued among respondents to CV surveys is often a concern, because these individuals usually cooperate with the survey effort in disproportionate numbers, if only because they are more interested in conservation issues. Issues of non-response can be ameliorated by correcting welfare estimates using information on the actual proportion of individuals with certain characteristics in the population (when available), their proportion in the sample, and the estimated coefficient of the relevant variable (Loomis 1987; Whitehead 1991) , such as the experience variables in our case. If a biased estimate of the latter effect of experience on WTP is used, an error that affects this correction occurs. This is again because, in practice, only actual experience rather than potential experience can be observed in the population.
However, non-response can lead to biases of WTP estimates in CV studies in two ways (Eklöf and Karlsson 1997) . The type of non-response bias mentioned above occurs when the non-respondents differ from respondents in observable characteristics that may affect their WTP. Sample selection bias occurs, even if non-respondents are similar to respondents in observable characteristics, when their WTP differs due to unobservable characteristics. Selection bias threatens the internal validity of the study in that independent variables are correlated with a disturbance term (i.e., error) and analyses based on biased samples can lead to inaccurate regression estimates, since effects may be attributed to exogenous variables that are in fact due to selection factors (Cuddeback and others 2004) . When the population characteristics are known, corrections can be performed when extrapolating from the sample to the population in the case of non-response bias, while sample selection models are needed to deal with sample selection bias (Whitehead and others 1994; Messonnier and others 2000; Yoo and Yang 2001) . In both cases, knowledge of the characteristics of the non-respondents is necessary. However, we did not have information about non-respondents. This means that, apart from being cautious before extrapolating our estimates of WTP to the general population, we should also be cautious about generalizing the effects of our correction for endogeneity. We simply cannot be sure to what extent the respondents whose data we analyzed differ in terms of unobservable characteristics from the non-respondents. We know of only one study (Bilgic 2010 ) that corrects for both sample selection issues and, using a simpler bivariate model, endogeneity in the explanatory variables.
In particular, it could well be that the whale-watchers who chose to cooperate with our survey effort differ systematically from those who did not. For example, it might be that the striking effects of correcting for the endogeneity of indicators of whale-watching experience that we found do not equally apply to those who went whale-watching as part of a multipurpose trip as compared to those who specifically traveled somewhere for that single purpose. However, we have no information about the type of whalewatchers that entered our working sample. Loomis and others (2000) detected that for 45 % of their respondents whale-watching was the sole or primary purpose of their trips but, NL being a more remote tourist destination (Martínez-Espiñeira and Amoako-Tuffour 2009), the proportion of whale-watchers on multipurpose trips could be much higher. In any event, it is the lack of information on the differences between respondents and non-respondents in terms of their unobservable characteristics that matters. Future research should strive to obtain information about the characteristics of non-respondents and to consider enquiring about the type of choice made by those who obtained previous experience with the resource.
